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METHODS, SYSTEMS AND COMPUTER PROGRAM PRODUCTS FOR 
DETERMINING SIMPLE NETWORK MANAGEMENT PROTOCOL 
(SNMP) OBJECT IDENTIFIERS IN A MANAGEMENT 
INFORMATION BASE (MIB) FILE 

BACKGROUND OF THE INVENTION 
The present invention relates to the field of communications in general and 
more particularly to the evaluation of Simple Network Management Protocol (SNMP) 
object identifiers in a Management Information Base (MIB) file. 
5 Network Address Translation (NAT) is a widely used technology for allowing 

traffic to flow between two discrete Transport Control Protocol/Internet Protocol 
(TCP/IP) networks without address conflicts. The traditional NAT function translates 
the source and/or destination IP addresses in the header portion of IP packets as they 
cross the NAT threshold, so that data packets originating in one network are mapped 

10 into unique addresses as they cross into the other network. This basic technology is 
suitable for some types of network traffic, but is not sufficient for the needs of 
network management platforms, which often use additional address information 
contained within the data portion of IP packets for discovery and topology functions. 
The Tivoli Comprehensive Network Address Translator (GNAT) has the 

15 capability of modifying the actual payloads of specific network management 

messages, enabling network management across networks that have conflicting or 
out-of-range IP addresses. Tivoli CNAT monitors data packets coming through the 
machine and enables management of conflicting IP address ranges by mapping 
conflicting addresses into available addresses within the service provider's network. 

20 For all data packets routed through the system, CNAT checks the source and 

destination IP addresses and translates any conflicting addresses to ensure that no 
conflicts will occur in the destination network. 

In addition, Tivoli CNAT also performs translation on Internet Control 
Message Protocol (ICMP) and SNMP data packets. All values associated with IP 

25 addresses are typically translated within the data packets before they are forwarded on 
to their destination. The translation of IP addresses in SNMP data packets typically 
requires specific identification of each instance of the IP addresses. These IP 
addresses each typically have a unique SNMP Object Identifier located within a 
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Management Information Base (MIB) which is used to identify each IP address. 
Accurate identification of all translatable instances of IP addresses within a MIB may 
be useful in supporting the Tivoli CNAT product or other such address translator 
mechanisms. Furthermore, manual scanning of SNMP MIB files to produce the set of 
SNMP Object Identifiers that represent all applicable IP address occurrences may be a 
very cumbersome and error prone task. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention provide method, systems and computer 
program products for automatically determining Simple Network Management 
Protocol (SNMP) object identifiers in a Management Information Base (MIB) file that 
identify Internet Protocol (IP) addresses. An intermediate file may be created that is a 
representation of the MIB file and contains attribute specific information including 
the SNMP object identifier for each attribute. All the SNMP object identifiers 
contained in the intermediate file that identify relevant attribute types may be 
determined. An output file containing the SNMP object identifiers determined to 
identify relevant attribute types may be generated. The output file may be 
consumable by a Comprehensive Network Address Translator (CNAT) product. 

In particular embodiments of the present invention, the relevant attribute types 
include an IP address type attribute and a table-based attribute that is pointed to by an 
IP address. Furthermore, the SNMP object identifiers determined to identify IP 
address type attributes may be stored. All attributes contained in a table for table- 
based attributes that are pointed to by an IP address may also be stored and the start 
position of the IP address used as a pointer in the SNMP object identifier may be 
determined and stored. If the table-based attribute is pointed to by a plurality of IP 
addresses, the start position of each of these IP addresses in the SNMP object 
identifier is determined and stored. 

An argument that may identify the MIB file may be received and may be a 
single MIB file name or a list of MIB file names. The list of files may include both 
single file names or lists of file names. Errors may be identified in the stored 
information and if errors are identified generation of an output file may be 
unnecessary. 

The intermediate file may further contain an indication of whether each 
attribute is a scalar attribute or a table-based attribute and an indication of the Abstract 
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Syntax Notation One (ASN.l) type of each attribute. The ASN.l attribute type may 
be at least one of IpAddress, NetworkAddress, and CiscoNetworkAddress. 

In further embodiments of the present invention, the output file may comprise 
a list of all object identifiers that identify IP address type attributes, an indication of 
5 the start position of an IP address used as a pointer to a table-based attribute in the 
SNMP object identifier, and an indication of which values contained in the output file 
need to be translated. The table-based attribute may be pointed to by a plurality of IP 
addresses and the start position of each IP address in the SNMP object identifier may 
also be indicated in the output file. 
10 The MIB file may be a Structure of Management Information (SMI) style MIB 

file. The MIB file may be located in an SNMP data packet. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a block diagram of a data processing system according to 
1 5 embodiments of the present invention; 

Figure 2 is a more detailed block diagram of data processing systems 
according to embodiments of the present invention; 

Figure 3 is a block diagram of a basic network incorporating CNAT according 
to embodiments of the present invention; 
20 Figure 4 is a flowchart illustrating operations of a MIB Scanner according to 

embodiments of the present invention; 

Figure 5 is a more detailed flowchart illustrating operations of a MIB Scanner 
according to embodiments of the present invention; and 

Figure 6 is a flowchart illustrating operations of examining all attributes in an 
25 intermediate file created by the MIB Scanner according to embodiments of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention now will be described more fully hereinafter with 
30 reference to the accompanying drawings, in which illustrative embodiments of the 
invention are shown. This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein; 
rather, these embodiments are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention to those skilled in the art. 
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As will be appreciated by one of skill in the art, the present invention may be 
embodied as a method, data processing system, or computer program product. 
Accordingly, the present invention may take the form of an entirely hardware 
embodiment, an entirely software embodiment or an embodiment combining software 
and hardware aspects all generally referred to herein as a "circuit." Furthermore, the 
present invention may take the form of a computer program product on a computer- 
usable storage medium having computer-usable program code means embodied in the 
medium. Any suitable computer readable medium may be utilized including hard 
disks, CD-ROMs, optical storage devices, a transmission media such as those 
supporting the Internet or an intranet, or magnetic storage devices. 

Computer program code for carrying out operations of the present invention 
may be written in an object oriented programming language such as Java®, Smalltalk 
or C++. However, the computer program code for carrying out operations of the 
present invention may also be written in conventional procedural programming 
languages, such as the "C" programming language. The program code may execute 
entirely on the user's computer, partly on the user's computer, as a stand-alone 
software package, partly on the user's computer and partly on a remote computer or 
entirely on the remote computer. In the latter scenario, the remote computer may be 
connected to the user's computer through a local area network (LAN) or a wide area 
network (WAN), or the connection may be made to an external computer (for 
example, through the Internet using an Internet Service Provider). 

The present invention is described below with reference to flowchart 
illustrations and/or block diagrams of methods, apparatus (systems) and computer 
program products according to embodiments of the invention. It will be understood 
that each block of the flowchart illustrations and/or block diagrams, and combinations 
of blocks in the flowchart illustrations and/or block diagrams, can be implemented by 
computer program instructions. These computer program instructions may be 
provided to a processor of a general ptirpose computer, special purpose computer, or 
other programmable data processing apparatus to produce a machine, such that the 
instructions, which execute via the processor of the computer or other programmable 
data processing apparatus, create means for implementing the fimctions specified in 
the flowchart and/or block diagram block or blocks. 

These computer program instructions may also be stored in a computer- 
readable memory that can direct a computer or other programmable data processing 
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apparatus to function in a particular manner, such that the instructions stored in the 
computer-readable memory produce an article of manufacture including instruction 
means which implement the function specified in the flowchart and/or block diagram 
block or blocks. 

5 The computer program instructions may also be loaded onto a computer or 

other programmable data processing apparatus to cause a series of operational steps to 
be performed on the computer or other programmable apparatus to produce a 
computer implemented process such that the instructions which execute on the 
computer or other programmable apparatus provide steps for implementing the 

1 0 functions specified in the flowchart and/or block diagram block or blocks. 

As described in more detail below, the present invention provides for 
generating an output file containing Simple Network Management Protocol (SNMP) 
Object Identifiers used to identify Internet Protocol (IP) address type attributes within 
a MIB file. The file may be created using an automated process where MIB files are 

15 scanned to locate relevant SNMP object identifiers and these object identifiers are 
output to a file. The file may be used, for example, by CNAT to locate IP addresses 
that are contained in an SNMP data packet to be translated. 

Various embodiments of the present invention will now be described with 
reference to Figures 1 through 5. Figure 1 illustrates an exemplary embodiment of a 

20 data processing system 130 in accordance with embodiments of the present invention. 
A data processing system 130 typically includes input device(s) 132 such as a 
keyboard or keypad, a display 134, and a memory 136 that communicate with a 
processor 138, The data processing system 130 may further include a speaker 144, 
and an I/O data port(s) 146 that also communicates with the processor 138. The I/O 

25 data port 146 can be used to transfer information between the data processing system 
130 and another computer system or a network, for example, the Internet. These 
components may be conventional components such as those used in many 
conventional data processing systems which may be configvired to operate as 
described herein. 

30 Figure 2 is a block diagram of embodiments of data processing systems that 

illustrates systems, methods, and computer program products in accordance with 
embodiments of the present invention. The processor 138 communicates with the 
memory 136 via an address/data bus 248. The processor 138 can be any 
commercially available or custom microprocessor. The memory 136 is representative 
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of the overall hierarchy of memory devices containing the software and data used to 
implement the functionality of the data processing system 130. The memory 136 can 
include, but is not limited to, the following types of devices: cache, ROM, PROM, 
EPROM, EEPROM, flash memory, SRAM, and DRAM. 

As shown in Figure 2, the memory 136 may include several categories of 
software and data used in the data processing system 130: the operating system 252; 
the application programs 254; the input/output (I/O) device drivers 258; and the data 
256. As will be appreciated by those of skill in the art, the operating system 252 may 
be any operating system suitable for use with a data processing system, such as OS/2, 
AIX or Systems 90 from International Business Machines Corporation, Armonk, NY, 
Windows95, Windows98 or Windows2000 from Microsoft Corporation, Redmond, 
WA, Unix or Linux. The I/O device drivers 258 typically include software routines 
accessed through the operating system 252 by the application program 254 to 
communicate with devices such as the input devices 132, the display 134, the speaker 
144, the I/O data port(s) 146, and certain memory 136 components. The application 
programs 254 are illustrative of the programs that implement the various features of 
the data processing system 130 and preferably include at least one application which 
provides the MIB Scanner aspects of embodiments of the present invention. Finally, 
the data 256 represents the static and dynamic data used by the application programs 
254, the operating system 252, the I/O device drivers 258, and other software 
programs that may reside in the memory 136. 

As is further seen in Figure 2, the application programs 254 preferably 
include a MIB Scanner module 260. The MIB Scanner module 260 preferably carries 
out operations as described herein for scanning MIB files to obtain a list of SNMP 
object identifiers. Furthermore, the data portion 256 of memory 136 preferably 
includes one or more MIB files 270 which may be scanned or identify the files which 
may be scanned. The data portion 256 of memory 236 may also include an 
intermediate file 271 which may be used to store data during the scanning process and 
an output file 272 which may include a list of SNMP object identifiers. While 
element 272 is referred to as a file, those of skill in the art will appreciate that the term 
file is used for exemplary purposes only and that the structure of the intermediate data 
is not limited to a file structure. For example, the intermediate data could be stored in 
some internal data structure, on a disk, or the like. 
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While the present invention is illustrated, for example, with reference to a 
MIB Scanner module 260 being an application program, as will be appreciated by 
those of skill in the art other configurations may also be utilized while still benefiting 
from the teachings of the present invention. For example, the MIB Scanner module 
5 260 may also be incorporated into the operating system 252 or other such logical 

division of the data processing system 130. Thus, the present invention should not be 
construed as limited to the configuration of Figure 2 but is intended to encompass any 
configuration capable of carrying out the operations described herein. 

Comprehensive Network Address Translator (CNAT) may provide a 

10 monitoring program that may reside at the edge of the network, for example, between 
the service provider's network and the customer's network as shovm in Figure 3. 
CNAT may monitor data packets coming through a network device and enable 
management of conflicting Internet Protocol (IP) address ranges by mapping 
conflicting addresses into available addresses within the service provider's network. 

15 For all data packets routed through the system, CNAT may check the source and 

destination IP addresses and may translate any conflicting addresses to ensure that no 
conflicts occur in the destination network. In addition, for certain classes of data 
packets, for example. Simple Network Management Protocol (SNMP) data packets 
and Internet Control Message Protocol (ICMP) data packets, CNAT typically scans 

-20 the contents of the data packet, and translates all values associated with IP address 
type attributes within the data packets where applicable before forwarding these 
packets on to their destinations. Attributes are properties of an object or may be 
considered a container for the properties of the object. 

CNAT machines may be integrated into the network topology and may 

25 represent the only TCP/IP route from the service provider's network to the customer's 
network. Integrating CNAT into the network topology typically requires static routes 
on all routers adjacent to the CNAT node, as well as on the CNAT node itself 
Now referring to Figure 3, a block diagram illustrating a network 300 
incorporating CNAT will be described. A service provider may provide network 

30 monitoring and management services to a customer. The IP addresses in the 

customer's network 310 may overlap with the IP addresses in the service provider's 
network 320. For data packets flowing from the customer's network 310 to the 
service provider's network 320, the service provider may use CNAT 330 to translate 
the customer's IP addresses to different addresses to avoid conflict in the service 
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provider's network 320. Accordingly, CNAT may be used to avoid confusing overlap 
of IP addresses within SNMP data packets by translating IP addresses found within 
the data packets to unique IP addresses, i.e. IP addresses not currently assigned. 
Although the CNAT is shown as physically separate from the routers and the 
5 networks in Figure 3, it will be understood by those having skill in the art that this is 
for exemplary purposes only and that many configurations may be employed. 

The capability to translate IP addresses found within the data packets typically 
requires the proper identification of the IP addresses that need to be translated and the 
location of the IP addresses in the data packet. CNAT may use a list of SNMP 

10 Object Identifiers (OIDs) to identify an IP address and its location. SNMP is used to 
communicate management information between network management stations and 
agents in network elements. An SNMP object identifier is an administratively 
assigned name of an object which specifies the object type. The SNMP object 
identifier is typically located within a Management Information Base (MIB). The 

1 5 MIB Scanner according to embodiments of the present invention may be used to 
create a list of OIDs fi-om a MIB file or list of MIB files that may be used, for 
example, by CNAT to locate the IP addresses within the SNMP data packets that need 
to be translated. 

Embodiments of the present invention will now be described in more detail 
20 with reference to Figures 4, 5, and 6 which are flowchart illustrations of operations 
carried out by a MIB Scanner according to embodiments of the present invention. As 
seen in Figure 4, an intermediate file is created (block 400). As discussed above, the 
term file is not meant to limit the structure of the intermediate data, for example, the 
intermediate data could be stored in some internal data structure, on a disk, or the like. 
25 The MIB Scanner receives one argument, which may point to a MIB file or a MIB list 
file. A MIB list file may contain the name of one or more MIB files and/or the name 
of one or more MIB list files. The intermediate file may be a representation of the 
MIB file after the MIB file has been read and examined in detail. This intermediate 
file may contain attribute specific information of all the attributes found in the MIB 
30 file. As stated above, attributes are properties of an object or may be considered a 
container for the properties of the object. 

This attribute specific information may include whether the attribute is scalar 
or table-based, in other words, whether or not the attribute is located in a table. The 
intermediate file may fiirther include the SNMP object identifier that uniquely 
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identifies each attribute and the attributes Abstract Syntax Notation One (ASN.l) 
type. If the argument points to more than one MIB file, the intermediate file is 
typically expanded to include the information contained in all the MIB files pointed to 
by the argument. In particular embodiments of the present invention, the MIB 
5 Scanner may be capable of scanning both Structure of Management Information 
(SMI) version 1 and 2 MIB files. 

The MIB Scanner application is typically programmed to recognize ASN.l 
attribute types IpAddress and NetworkAddress in the MIB file. Abstract Syntax 
Notation One (ASN.l) is the language used by Open Systems Intercormection (OSI) 
10 protocols for describing abstract syntax. This language is also used to encode SNMP 
packets. The MIB Scanner may also be programmed to recognize additional vendor 
specific attribute types, for example, ASN.l attribute type CiscoNetworkAddress, by 
specifying these attribute types in a attribute file that is consumable by the MIB 
Scanner application. 

15 Referring again to Figure 4, once the intermediate file is complete the MIB 

Scanner determines which of the SNMP object identifiers in the intermediate file 
identify relevant attributes (block 410), for example, including IP address type 
attributes and table-based attributes pointed to by IP addresses. When an IP address 
type attribute is identified in the intermediate file, the MIB scarmer typically 

20 determines if the IP address type attribute is scalar or table-based. If the IP address 
type attribute is determined to be a scalar attribute the SNMP object identifier related 
to the IP address type attribute may be stored in a data structure. This structure may 
be located in the data portion 256 of the memory 136 shown in Figure 2. If the IP 
address type attribute is determined to be a table-based attribute that is pointed to by 

25 an IP address, as opposed to a scalar IP address type attribute, all the attributes in the 
table may be stored in the data structure and a start position of the IP address in the 
SNMP object identifier is typically established. 

Once the intermediate file has been completely examined and all relevant 
SNMP object identifiers have been identified, an output file may be generated (block 

30 420). This output file may include a list of SNMP object identifiers that identify 

attributes that are IP addresses, an indication of the start position of the IP address in 
the SNMP object identifier if the attribute is a table-based attribute, and an indication 
of whether or not the value in the output file needs network address translation such 
as that provided by CNAT. If the attribute happens to be a table-based attribute and 
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the attribute is pointed to by one or more IP addresses, then all the attributes contained 
in that table are included in the output file. If the table-based attribute is pointed to by 
multiple IP addresses the output file may contain an indication of the start positions of 
up to four of the IP addresses in the SNMP object identifier. 
5 The indication of whether or not the value in the output file needs network 

address translation may be indicated by the notation of "-T" in the output file at the 
end of the SNMP object identifier. For example, the output line might be object 
identifier -T, or in the case of the object identifier 1 .3.6.1 .2.4.1.1 .5, the output line 
would be 1.3.6.1.2.4.1.1.5 -T. 

1 0 Now referring to Figure 5, a flow chart illustrating operations of other 

embodiments of the MIB Scanner will be described. The MIB Scanner receives an 
argument that may identify the MIB file or files to be scanned (block 500). As 
discussed above, the argument may point to a MIB file or a MIB list file that typically 
contains the names of one or more MIB files and/or MIB list files. After the MIB 

1 5 Scanner receives the argument and identifies the MIB files to be scanned, it creates an 
intermediate file as discussed above including information from the first MIB file it 
sees (block 510). 

After the intermediate file is created for the first MIB file, it is determined if 
more MIB files are present and need to be scanned (block 515). If more MIB files are 

-20 present, the next MIB file is read and examined as described above. The intermediate 
file is then expanded to include the information obtained from the second MIB file 
(block 517). Operations then return to block 515 and the process repeats until there 
are no more MIB files to read and examine, i.e. every MIB file identified by the 
argument has been scanned and the intermediate file expanded to incorporate the 

25 information from all the MIB files. Accordingly, since the MIB Scanner operates in 
this recursive manner, the MIB files may be listed in any order within a MIB list file. 

If, on the other hand, it is determined there are no more MIB files present that 
need to be scanned (block 515), the attributes in the intermediate file are examined to 
determine all relevant SNMP object identifiers that should be included in the output 

30 file (block 520). Operations for such identification according to particular 

embodiments of the present invention are discussed in more detail with reference to 
Figure 6. 

After all the attributes are examined to determine the relevant SNMP object 
identifiers, for example, the SNMP object identifiers for IP address type attributes, 
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and this information is stored, the stored object identifiers are examined for errors 
(block 540). If the stored information is determined to contain errors (block 550), an 
output file typically will not be generated (block 560). Typically, the errors must be 
resolved before the MIB Scanner will generate an output file, this prevents the 
5 possibility of creating a partial list of SNMP object identifiers. These errors may be 
caused by the format of the MIB file itself and/or missing MIB files. Errors 
associated with the format of the MIB file may be referred to as syntax errors. The 
MIB Scanner may access external MIB files or "import files" from an external source. 
Errors associated with missing files are referred to as IMPORT errors because it 

1 0 typically indicates that a prerequisite MIB was not in the directory or directories 

where the MIB Scarmer was instructed to look for the files. This could be caused by 
many things, including providing an incorrect path or failing to list a MIB file in the 
MIB list file. If the stored information is determined not to contain errors (block 
550), then the MIB Scaimer may generate the output file utilizing the stored 

1 5 information as discussed above with reference to Figure 4 (block 420). 

Now referring to Figure 6, a flowchart illustrating operations of block 520 of 
Figure 5 for examining all attributes in an intermediate file according to particular 
embodiments of the present invention will be described in more detail. After all the 
MIB files have been read and examined and the intermediate file is complete, the 

20 attributes in the intermediate file are examined to determine all relevant SNMP object 
identifiers (block 520 of Figure 5). The ASN.l type of each attribute included in the 
intermediate file may be used to identify the relevant atiributes within the 
intermediate file (block 521). For example, assume the MIB Scarmer application is 
programmed to identify IP address type attributes IpAddress, NetworkAddress, and 

25 CiscoNetworkAddress. The MIB Scanner, as discussed above, creates an 

intermediate file that contains attribute specific information including the ASN. 1 type 
of each attribute. The MIB Scaimer may then scan through the intermediate file for 
attributes having one of the three ASN.l attribute types specified above. Once these 
attributes have been recognized, the MIB Scarmer may determine whether these 

30 relevant attributes are either scalar or table-based as discussed below. 

Once a relevant IP address type attribute, for example, an ASN.l IpAddress 
type attribute, is identified in the intermediate file, the MIB scanner typically 
determines if the relevant IP address type attribute is a table-based attribute or a scalar 
attribute (block 522). Such a determination may be made by the MIB scanner based 
11 

RSW920000165US1 



Attorney Docket No. 5577-228 

on the definition of the attribute as defined in the relevant MIB file. Every attribute 
has a definition and this definition may contain a plurality of fields. These fields 
might include an object type field, a syntax field, a description field and an index 
field. ASN.l language is used to define many of these fields. The object types may be 
5 predetermined object types. The syntax of an object type may define the data 

structure corresponding to that particular object type. For example, the syntax of an 
IP address type attribute might be IpAddress, NetworkAddress, 
CiscoNetworkAddress or the like. The description field may contain a description of 
the object type and its fiinction. For example, object type ipRouteEntry with a 

10 corresponding syntax of IpRouteEntry may have a description that reads "A route to a 
particular destination". Furthermore, object type ipRouteEntry may have an index 
which may specify where this particular object type is located. For example, the 
index specifier might be {ipRouteDest} ::= {IpRouteEntry I}. In other words, the 
route to a particular destination may be specified by the attribute of the IP routing 

15 table. This information included in the definition of each attribute enables the MIB 
scanner to determine if the attribute is a table-based attribute or a scalar attribute. 
Referring to the example above, the MIB scanner may determine that this attribute is 
a table based attribute because of the presence of the index specifier in the overall 
object type definition. 

20 If it is determined that the attribute being examined is a table-based attribute, 

every attribute in the table is stored for later use in creating the output file (block 
528). The MIB scanner determines a start position of the IP addresses used as 
pointers in the SNMP object identifier relative to all other pointers in the SNMP 
object identifier and stores this start position for later use in creating the output file 

25 (block 529). An object identifier is a sequence of integers and each of these integers 
has an assigned significance. For example, in a MIB file the object identifier for the 
first attribute in an IP Address Table might be 1 .3.6. 1 .2. 1 .4.20. \.\.IP address. The 
start position of the IP addresses used as pointers in the SNMP object identifier may 
be indicated in the output file. For example, an entry in the output file may be 

30 1.3 .6. 1 .2. 1 .4.20- 1.1 -I 11. This may indicate that the IP address is used as a pointer 
(index) into a table starting at the 1 1* digit of the object identifier. As discussed 
above, a table-based attribute may be referenced by several IP addresses. If this is the 
case, the MIB Scanner may identify up to four start positions of IP addresses within a 
single object identifier by using multiple -I values in the output file. 
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Returning to Figure 6, it is determined if another attribute exists in the 
intermediate file that needs to be examined (block 535). If another attribute does 
exist, operations return to block 521 and the process repeats until there are no more 
attributes left in the intermediate file that need to be examined. 
5 Returning to block 522, if the relevant attribute is not a table-based attribute, it 

is a scalar IP address type attribute. For example, the fields of a scalar attribute 
definition might be object type sysLocation with a corresponding syntax of 
DispIayString (SIZE (0..255)), a description that states "The physical location of this 
node (e.g., telephone closet, 3"* floor)". If the attribute is determined to be a scalar IP 

10 address type attribute based on the definition of the attribute located in the MIB file, 
then its SNMP object identifier (OID) may be relevant and may be stored for later use 
in creating the output file (block 530). It is also determined if another attribute exists 
in the intermediate file that needs to examined (block 535). If another attribute does 
exist, operations return to block 521 and the process repeats until there are no more 

1 5 attributes left in the intermediate file that need to be examined. 

The flowcharts and block diagrams of Figures 1 through 6 illustrate the 
architecture, fiinctionality, and operation of possible implementations of systems, 
methods and computer program products for obtaining a list of SNMP object 
identifiers according to various embodiments of the present invention. In this regard, 

2Q each block in the flow charts or block diagrams may represent a module, segment, or 
portion of code, which comprises one or more executable instructions for 
implementing the specified logical fimction(s). It should also be noted that, in some 
alternative implementations, the functions noted in the blocks may occur out of the 
order noted in the figures. For example, two blocks shown in succession may, in fact, 

25 be executed substantially concurrently, or the blocks may sometimes be executed in 
the reverse order, depending upon the functionality involved. 

In the drawings and specification, there have been disclosed typical illustrative 
embodiments of the invention and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for purposes of limitation, the 

30 scope of the invention being set forth in the following claims. 
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